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^5 (^^ Abstract: The invention provides an artificial antigen presenting cell (AAPQ comprising a eukaiyotic cell expressing an anti- 
^ gen presenting complex comprising a human leukocyte antigen (HLA) molecule of a single type, at least one exogenous accessory 
molecule and at least one exogenous T cell-specific epitope. Methods of use for activation of T lymphocytes are also provided. 



wo 01/94944 



PCT/lISOl/17981 



5 cytatoidc T lymphocytes (CTLs) as a therapeutic approach for a miniber of 
<ji5cases. Stable art^^ 

to fifidiaioljie^T patient oip a: given humairi leukocyte £aai^gpl^^^ 

type have been made. Mouse fibroblasts were retrovirally transduced with a- 
single HLA-^^tide complex along wiifli the human accessory naojecute^ 
10 B7. 1 , ICAM^l, and LFA-3. These AAPCs consistently elicit strong 
stimulation and e^msion of HlJVrre^tiipted CTLs. Owing to theMgh 
effici«B!(?y of retrovkus-mediated gene transfer, stable AAPGs are rea^y 
engineered for any HI^ mole^ 



15 IVfiyr^ ^^ ■ 

ipyi^l^M^ The lyn^hoid Uaeage> congirisiBg B, T and 

natpial ]^ for the prodtiction of antibodies, regttlatioii 

of &e ceUular inmiune system, detection of foreipi agents in tl^ 
20 detection of cells foreign to the host, and the like. The mydoid liii^^ 

cells, monitdrs for flie presence of fofrei^ 

neoplastic cells, scaV foreign materials, produces platelets, and the like. 
The eijf&tQidt^K^ providi^ redbfeodicells,>^^ 
25 Bfeii^^ are identifiabie by tfeepi^ 

ceU sva^§^ •finaik^v*^ Sui^^ 

partic^ij|ar tini^% present on nipi-e t^^ The msiric 

char^ with stages of di£5srea^ 

gradient magnetic s^aration devices suiMble for use in ceU ptnafioia^ 
30 Lymphocytes (B and T cells) are hi^y q)ecial^ heinatoppiig*rc 

ceils. During: the developmCTt of the B and T ceU Kneages^ ph 
molecule diff(^entiation: pf primitive cells leads to matisce slagiss w4^^ 
rean'mgesnjeaxt of the ]ynQ>hocyte.antigep receptors occui> nameiy fl^ 



PCTAJSOl/17981 



2 

unmimoglobulin (iig) 

(1993) Blood 82:363-375; and Godft^ 

14:547-553. CbmmitmeDttbfhe 

]xcq)tbr complex and gene resQxmge^ i^ktj^^^ bone marrow 
5 or fetal liver. XJcldm (l^^ 
Exp. Medi 178:951-960. 

^^^^^^•^^^i^^ passage of 

Trprbgenitpr cells tfirough the thynius glitnd t^^^^ efficient TCR 

refemig^ent and 
iO iflbie'ifc 

.istages .of T ceU development have been extensively, studied: m and to a 

l^ser extent in man. Godfi^ aiid Zlctoi^ 
Med/ 178:391-401; Terstq^ 

et al. (1993) L Exp. Med, 178:1857-1866. Studies in anima^^ using mice or 
15 quail/chick chimeras and studies in 
thj^us impl^^^ 

mic^;liave shownthat a constant iiijjirt of Be^^ needed to 

sustain thymopoiesis, Douaim et aL (1973) l^ia^^ 246:25-27; 

"' " 2Q ' . Menice 241 :1632-1659.' .. *'"V 
MHC products ^^^^^ 

piSmMly interaict with C3ass 11 niblec CJDB-^xpressing cells, 

which represent cytotoxic effector cetts inter^t with Cl^^ I molecules. 
25 Class I niolecui^ are membiane j^ycoprpteins with the ability to 

: bind peptides derived pri^^ 
protems. Table 1 provides a number of itties'e p'e^^ 

1, complexes of MHC molecules with peptides derived from viral, bacterial 
and other foreign proteins con^rise the ligand that tiggers the antigen 
; ; .30 responsiveness of T cells. In contrast, complexes of MHC mo with 
peptides derived from normal cellular products play a role in 'teaching*' T 
cells to tolerate self-peptides in the thymus. Class I molecules do not present 
entire, intact antigens; rather, the present peptide fifagnients thereof, ^loaded" 
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^oi^ 118 and 3^ alleles bave 

5 r^gi|stered^^^ and-C lod, respectiveijr, f^^^ 

DQAlv -DQiSl and -IHPAl lod the mmibers are 168^ 19, 30, 73 and 8, 
t^^^^^^i^^, WMleafewdf fhese aliei^^ 

^ire.ffi occnir at-^ipFeciable firequendes; Mor^ver, new alleles are . 

is^ b^^^ and 6nly veay few human pdptilatidi^^^ 

10 M.A^^ 
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peptidosri^pt^^^ liot 4ifii^^ npn-self piptems 

Mid nonnaUy act on flie cell's own proteins that have, for one reason or 
anotli^^ been ma#t^^ In aoi inf^ct^^^ 

5 ajsot §tiee vii^i^^ 
transported aoross the 1^ 

(ftllt). The tx^mspbrt 1 s eStected by a set of fipecialized parotein structures 
re^diH^ 

of the membrane, the pcptides are loaded onto MEiCrl molecules. A cell 
10 possess^ different 1^ 

trang>prt^ Those iiyolved m jflie gei^^ destined to be 

loaded onto 

(mass) proteins or large midtiflmctional protease (bodi a^ 
and jt^o^^ of a feniily 

15 bfATP-hii^^ 

The MHC class I molecules consist of two polypeptiide dbains, one of 
which is p2^microgl6bui^ The chains are syntib^esized separatefy on tihe 
Imninal surface of the RER and when they come together to form a dimer, 
tit^epeptid^^^ 

20 chmL The loMed MHC class I molecides are lb transported, via the GoJ^ 
25)piu:atus and m 

sind&ce where they are mti^rated m The cell's 

stirface is thus studded by MBC class TmLolecuies con^lexed wth peptides, 
hi an uninferted cell, th^^^ 
25 infected cell, many of them bear non-self (viral) pi^tides. The ad^tive 
immune system has learned to ignore theMHCrself p^tide c<wi?)lexes pd 
to re^ndto tij^i^i^^ 

reoosm^ andjthis 
lecpgni^ actiyitM of their 

30 progOTydijBEeraitt^ 

the same peptide, or hi^y relied, swj-is^ ^^V^ 
cla§s I MHC^i^ OT tumor 

cells, d^ending on fiie peptide, aind efimiiiate^^^^^ 
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antigep cany otit^:f^ known as antigen 

defined Qrp^ of disulfide-linked 

tranismesm^ is stracturaHy similar but 

c^nibisis of fy a^ 5 polypeptides fonn a 
heterodimer wMeh an antigen recognition site. These heterodimers 

recognise All of 

i^es^ptot^ antigen 

recyi^^i^^ and 

iiidlijO^dii^^ Both rweptors are 

a^o$i£ia^ convex. 

Tfi^ CD3 covopleK mediates signal transduction when T celK iaie actiyated^^b^^ • 
antigen binding to the TCR. 

^f)i^^ and up to 5% 

hayb T^R^l v fiirther into two 

distinGt non^verl^ing populations. CD4^ T cells which generally 
recpg^ze antigoas m associatioii With MEC clas^ CDS* T cells which 

rec^giiize antigei:i$ in asisociadon witb.iN£HC ^tass L 

i3<aa^8tio tiiat are esseSKal for initiatiori of 

primairy in^ devel<>pinent of tolenoice. DCs express 

1^0,4 The 
hemilbpQi^^ of I^Gs is distbict^^^ follow several 

preichii^orpkthwiysv^ See, for 

revleWj. Aviga^ (IS^^ Rev. 13:51-64. Different DC subsets have 
distkict develc^ttxisftld pathways. The emerging concept is that one DC 
siidj>idt hiEi^^^t^^ induction of 

toleraiice to ;s6^^ Austyn (1998) Cittr. Opin. Hematol. 5:3-15. 

Coiiversel}^ may $ib5b be involved flie in^ictibn 

of aiditdimmtinii^; the immune responses to sel&proteins. Certain 
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autoimmuiie respoDi^ m 

followed by local DC activation and interactioii with T to Mtiate tbo 
inmume response. Ibrahim etaL (1995) JinmiDioL Tod^ 16:181^ 

The ^ility of DCs to imtiate T ccH responses is being used in cancer 
5 vaccines. For instance, DCs are isolated ftom CD34"*" ceEs or moni^ 
pidsed with tumor^larived peptides or proteins and retiinied to the p^ 
act as APCs in canceivspecific Tcell induction. Brugger et aL (1999) Ann. 
N.Y. Acad. Sd. 872:363-371 . Animal models have demonstrated that DC 
tumor vaccines reveise T cell anergy and result in subseqiiOT 

10 reje<rtion. Avigan (1999); see also, Tarte et ai (1999) Leukenna 

113:653-663; Cotooo (1999) Molec. Med. Today 5:14-17; Timmeiman et aL 
(1999) Ann. Rev. Med 50:507-529; Hait^aL (1999) Seanin. HematoL 
36:21-25; Thunih€a*et aL (1998) UroL Mt 61:67-71; andHern^ al. 
(1998)N.Z.Med. J. 111:111-113. DCs have been proposed for use as 

15 adjuvants in vacctpation and in recombinant vaccmes. Fernandez et al. 
(1998) Cyto. CelL MoL Theac. 4:53-65; and Gilboa ,et aL (1998) C^cer 
ImmunoL Immunolher. 46:82-87. 

Several distinct signals contribute to ejSEectivdy initiate and sustain T 
cell activation and proliferation- The T cell receptor must engage the MHC- 

20 p^tidecon5)lex, wMch provides tho basis &r antigen qpeci^ci^^ Davis et 
al. (1993) Curr. Opin. ImmunoL 5:45^9. Signaling thiou^ the CD28 
rector provides a powerful costimulatoty signal following engagement of 
the B7.1 (CD80) or B7.2 (CD86) ligand. Lenschowet al. (1996) Annu. Rev. 
ImmunoL 14:233-25$. The adhesion molecule ICAM-1 CC3>54) provides a 

25 synergistic signal throuj^ the LFA-1 (CD! 1/CD18) molecule expressed on T 
cejls, whereas ofli^ molecules, in particular UFA-3 (CD5^, Ugmd of the T 
ceU molecule CD2, can also mediate costtmtiMory as. vMl as adhesion 
functions. Shaw etd. (1997) hmaunity 6:36 1--369; and Watts et al. (1999) 
Onr, G>pin,^^^^ Vl;286r293v^^^^^ are expressed 

30 at}n 

iDi^or role of B7.1, ICAMi^lr been 
r^Qrtei 158:637-^ 
642; Fields et aL (1998) L ImmunoL 161:5268^5275; an^^^ aiid 
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. j . : s ■ 

5 Rf!^; f 1:5 

RiddeU and Greenberg (1 995) Annu. Rev. Immunol. 1 3:545^586; Rooney et 
2J- (1998) Vox Sang. 2:497--498; and O'Reilly et ^^^(l^^Sy Spiidger S 

^"^^^^^ IS 

g^earation of autologous T pells direct weU-defined epitopes. The 

10 indtiictid^^^^a^ 

isai^ of AI^s iS^^ cell 

CQSijilii^^ iJSDsm and Dustin and Shaw 

(199!^ Seie^ tliese:;^!^^ by APGs such 

.J-HjEf^^ 

15 eaig^^ 

SgiiieH^^^^ et al. (1998) Nature 392:245-252; andGrakoui et al. (1999) 
Science 285:221-227. An APC based on DrosophUa cells has been 

' \, , ^je^^m 

StuiKes and tiiaeraiJe^^ have been hampered by 

20 scarci^ of the cells and the relative? jLaiek of DCr^ecific cell sur&ce markers. 
Methods for DC isolation arb based on eitii^ rdaturational changes after a 
short culture period, Kke the acquiisition of low buoyant density or the 
expression of DC activation/matuiktibn totigens ( CMRP-44 and 
GMRF-56). Young et ai. (1988) G#limnundL 1 11:167; Van Vdorhis et aL 

154i38^ Manneiinget al; 

(li9S^) 

53:320-^34; and ttock etal. 

Deqpite a cumb^ersomb generation process, flie use of autologous cells 
30 to present well-defined epitopes is Jtoandated to obviate strong allogeneic 
responses that would unavoid^ DCs or 

V-transfpnried B cells were, usedm APCs. This limits the ability to 
pixmdet^^ 
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10 jp-ix^^ 
ceil^'SiyeGiSo 



20 T%e myention ids 

nipie€ail46S% oblaipipg m e^^tess^ 

access©iy molecules in the. Qbtaini^g a control A that does not 

expre^ potential accesisory molecules; obtaining a snitable population of T 
cells; contacting Hie T cells with the AAPG imdter conditions suitable for 

25 



T cdte to the activation of (sells ftom ^vfaerdn, if 

the aciiyali^m^^^^ 



30 The invcntxc» ftoher encon^ 

cell-spedfi^c antigensl^^^^ 
Bilawvs^ cell 
speci& andgens; obtain^ a oantiol Aj!^^ T 
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con^^ for 



tes; and 

5 eozopaim^i the^^a^ of the T 

The iny enfipii fiirtB^ wifiun a test 

10 poplin 

^^^^^^^^ <^ 



15 for activ^g T lymphocytes; contacting the T I>*^ with the contiol 

s;and 

lynaphocg^ coitbrdi^ whefe^ T 

Ijmpiipcy^ control, the 

20 pbtebltiki acce^tym^ us de^t^i^^^mj^^^ mdliecule. 




ti^x^ ZA and 2B iire 
mbieiMes^ 
25 ' Q^ltLA 

ESi^ 3A ma s€it of 

pimel) of A/^C^ ingbt prn^l^ Figwie 3Bi^ remalts of flow 
cytomety aiftdysis of CDS* T cd]^l)e&i!b (upjp^^^^ after Qower 

30 pimels)cocifltiva1ioh withHLA^^^^ 

Figure 4 is a bar dqnctia^ CDS"*^ T cells 

stimulated wiiOi AAPC^ or flu pqiitideT-ptilked^a^ dendritic cells. 
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Figure 5 is a series of gc^hs showing &at AAPCs induce cytotoxic T 
cell re^nses against tumor antigens. Filled symbols are target cells pulsed 
witibi fhe relevant peptide andopen symbols correspond to tioget cells pulsed 
wttib: an irrelevant p^tide. 
5 Figure 6 is a series of graphs depicting (grtotoMcTlymphocs^ 

induction against di£S^ent tumor antigens in dififomt HI«A A2A^ dcmors. T 
cells pnrified from fliree HLA A2.1'*^ donors (A, B, Q WW stimulated tw 
by AAPCA2F, AAPCA2G, or AAPCA2M. 

Figure 7 is a series of graphs depicting HLA restricted qtolysis of 
10 mdanomacellsbyCTLsindiH^edbyAAPC^andAAPC^ 

Figure 8 aiustrates. flie cytotoxicity results obtained ynOx 
EBV/LMPl-l peptide. 

Figure 9 is a bar grs^ depicting the results of an EU^pot assay of 
AAPC-Su-mduced IFN-y production. 
15 Figure 10 is a schematic depicting tdiameric complcsces that allow 

detection of specific CTLs by flow cytometry. 

Figure 1 1 shows detection of specific CTLs in cytotoxicity as^ys (A) 
or by flow cytometry using HLA class I/p^tide tetrameric coir?)lexes (B). 

Figure 12 shows detection of specific CTLs by flow cytometry using 
20 HLA class I/pq>tide tetrameric conQ>lexesa£l^coculture of HLA ^ 

donor T cells wifli diflFereat AAPCs or autologous EBV-tran^ormed B cells. 

Figure 13 shows CTLs stimulated by autologous EBV-transformed B 
cells or AAPCs encoding the LMPl.l pqptide (AAPC^) were compared in 
their abilities to kill difGsarent tumor cell Knes. Figure 13A shows stimulation 
25 with autologous BBV BLCL. Figure 13B shews stimulation with AAPC^. 

Figure 14i8agraphd]qE^ictmgCTLaGtivati£m,determi^ 
release by AAPC repressing a pq?tide antigen (495) or an entire protem 
(pp65). In Figure 14^ ♦ repres^ts 6495/1495; ■ represCTts Epp65/T495; A 
r^resents B495/T120; and * represents Bpp65/rflu, 
30 Figure 15 diows induc^on of Wilm*s tumor gene (WTl) spedScr 

Cn^ Figure 15A and B show WTl tetramer staining of (A) CTLs 
toulated on WTl (Db 126) AAPQ5 and 05) negative control, a 
stimulated on WTr (^ 
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^€r i^eteasie as^ 



reverse 




^e^iess^^ fii Figure 

10 Figmre 17 shows fhe insults piTa^S^^ 

Detailed Description 

Bollby^ methods despjSibed herein, 1h^^^ 
15 potent induction and expansion of Cnri^ against viral and sel^^ 
presented by AAPC in &e context of a spedfie HLA. 

Tlnree hunoian costiiQulatory and adhesion nxolecules, B7.1, lCAM-1 
and ij^^ 

witti a OTigle HI^^^^^ To eislcientiy presen^^^ 

20 to CIXs, singlie MHC class I laolecuies were epej^ressed with human 

p2-mi<ax)gl6bulih and a single g Starting from 

peripherad blood T cells haryestod from HLA A2.i^ induction 
and expansion of CTLs against viral and sejf pejp^ 

context of HLA A2. 1 is demonstrated herein. Three epitopes derived from 
25 ijillue^ were inve^rtigs^ 

' " Bednaieketal. (1991) J, hnmunoL 147:4047-4053; MonisonetaL (1992) 

180:^7^352; and ^1^^ 

Cytotoxicity was higlily specific and increas^ by restimulation with the 
30 AAPCs. CTL induction was more efficimt thim t^^ 
autblbg^ 

eD^^co.4hig the MARlT-l orgplOO^^OTved peptid^^^ 
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: 13 . 

Al.l"^ (but not A2.0 mdaooaia cell lines that express these antigens- These 
findings establidi that Mgji lev^ cell-surface expression of B7.1, ICAM-1, 
LFA-3 and single 2^C class I-peptide complexes is sufficient to effectively 
induce strong anttgen^-speciiic CTL responses m human peripheral blood 
5 cells:. Such AAPCs are extremely valiid>le for die investigation of primary 
cell activation and tibe use of andgeu'^specific T cells fijr adoptive cell 
tbearaples ai^ diagnostics. 

The invention encompasses a parental AAPC c^ 
euloQiyotic cell ^r^smg p2-microglobuLtn and at leiist one exogenous 
10 accessory; molecule. 

The inventionfurther enconapassea an M 
comprisisig a eidaryotic cell esqprcssing P2-microglobulin, at least one 
exogenous accessory molecule and a hun]ian leukocyte ant^en (^^^ 

molecule of a single type. 

15 The invention fiirther encompass^ an AAPC comprising a 

euiaryotic cefl expressing an antigen presenting complex conqjri^ 
pi-microg^obuihn, £^ least one exogenous accessory molecule, a human 
leukocyte antigen (HLA) molecule of a single type and presenting at least 
one exogenous T cell-spedfic epitope. 

20 AAPC are also encompassed by the invention. 

The cdls used to make parental AAPC and AAPC can be human, 
muiini^ rodentia, insect, or any other mammalian cells. The cells can be 
humanbut it is not necessary. In fact, the use of nonJiuman cells can 
inorease the activity of the cells by decreasing non-specific (background) 

25 antigen pr^entatiou. The cells can be autologous or non-autologous. The 
celfa can l>e fibroblast^ T lyn^jhocytes, tumor ceEs, a feansfermed cell Ime,. 
cells of hematc^ietlc origin, keratinocyte muscle cells or stromal cells, 

The p2 nneroglobulin can be endogenous or exogenous. Preforably, 
30 tlsi^:^2imc^^ ^2 microglobulin; 

The accessory molecule is selected &om the group consisting of 
B7,l, B7^, ICAM-1, LFA-3, CD40, CIMOL, SIAMand41BBligand 
Preferably, ^e accessoiy molecule is B7.1. Preferably, tihte accessory 
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TheHI^nu^ Preferably, tlie 

HLA inolcGule type is Tlie cai be pr any oilier HLA 

•S"-'- A^-B"or e» •■ ■■ • ■ 



llits epitope, cto^ 

<^ bediedved £^ 
its • Irem nii^^ 

llieiSiA 

ATDFKF AMY, YT AVVPL VY and YTD YGGLIFN 

15 

m ■■■■ 

aadAO^GCT 
Tiie 

■20 ". ■ sy^^ ; 

AtACa^^ ■ 

Tlie HIJ\; cai be A24 
jpfKNEPm.,^ Y^ and vm^BPVSX. 

l^e I^yA can b^^^^ 

2S 



APRl[VAtJ^ 

I^^MAPitFm, Afl^TO AMp^ 

The HLA can be B27 mi Ibe T. oeU specdiic.c^^^ can be 
30 KRIKBIVKK, GRIDKPIIJ^ RRSKBITV^ RRYKEWKK, and 
RRYQKSTWL. 

the T cell-specific epitope cibj b6 Wiuenzam Mart-1, gplOO, 
LMP-1, Wt-l , acid phosphatase; Her-2/^^ and telomefase. 
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^^^^^^^^ and the 

introduced into liie ceU by a recombinant virus, or is loaded onto the celt 
5 The AAPG can further contain alt^ mutation or gene 

fii^on. The alterations can be to endo^enou^ geine^ or to the introduced 
gffl^, Sudi alterations include, but are not limited to, those that decrease 
endogenous peptide transport so a^^ exogenous 
molecule those Ihirt increase antigm process 

10 antigenioitjf of die andgen. 

The invCTtion encompasses a method of activating CTl^s by 
obtaining an AAPC; obtaining a suitable population of T lymphocytes; 
contacts^ tibe AAPC with the populatton of T lymphocytes under conditions 
suitable ibr T lynqflaocyte activation; and isolating the activated CTLs. 

15 Compositions of aetrrated CTLs obtained hy the mefiiDd are also 

encompassed by the invention as are methods of treatmrat utilrang flie cells. 
The CTLs cam be restimulated by contRcting again vrffli ibe AAPC. There 
can be second, third, fourth, etc. restimulations by contact with the AAPC. 
Tke mveotion ako pmvides a method of sci^^ 

20 molecules by obtaining an AAPC; expressing genes encoding potential 

accessory molecules in the AAPC; obtaining a control AAPC that does not 
express potential accessory molecules; obtaining a suitable population of T 
lymphocytes; contacting the T lymphocytes with liie AAPC imder conditions 
suitable for activating T lymphocytes; contacting the T lymphocytes with the 

25 control AAPC under conditions suitable jfor activating T lymphocytes; and 
competing the activation of tiie T lymphopytes tP the activation of the T 
lyi^hocytes jfiom flie contml sample; whecdn, if the activatibn of the T 
l5aiq)hocyt©s is p^Axac^mapM of tiie T lymphocytes &cmx die control 
sample, die potential accessory molecule is an imxc^sso molecule. 

30 The hivention fixrtiiffl' «compasses ameffiod of s^^ 

ceH-^ecific antigens by obtaining an MHC-^ecHfie parent^d^/^^ 
allowing flie MHC-q)ecific parental AjMBC 
spedfic antigens; obtiuU^ 
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cell sp^iGifie antigi^^ pbtiaimng a smt^te poiiiiil^tio^^ of T lymphocytes; 



;aiid 



#1^^ T 



10 

!?L ]0k0^ !S^U^^ . 

llhd inventioa 

test population of T lymphocytes with tiie AAPC under conditions siatisafelie 

20 wmpi?nng of Jflie t lyit^hofij^ of the T 

lp!q^ cdntiibi; tibie t 

lytei^^ 

pcrtet^ desigicikted an kccibssory molecule. 

Aetivatioii cjan be measured by any method Movvh in the sect including, but 

Z5 not c)1ok^ market.. 

TTae cytoldne a^^ knoywaM but not libiited 

to, lEN-7, tt^, ILrlO br^ The T ceU siiifice ma^^^ 
in the art inclii^ but not limited tp/c^ and effector 

molecule. ISmtaib actiy s^tion mark^ includB, but^ not limited to, CP69, 

30 IJLrZiD^^ SmtEd>le 0fiEec^ but 

are not ifiiiit^^^^ 

, Qtfi^^ secteti mea^iiie by h^imunoio^^ such 

asbytheeos^e^lit^ ELlSpotwas 
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. . . .dilEs^ 

: : : ; A terge 

teitnoyed by^^ rel^yely FpttKaj^^ 
5 i^arafioQS^ 

Eioceduies 

gradient ceatrifugaMon; ipsettk^ particles that modify cell 

^^^^^^^ 

mAb> including^ but iiot timiied to, cbmplement and cytibtbxinsi and panmng 

::. .. 

pltit^ty of color chamiels, lb# ift|te^ i^^^^^ 

..-^diiai^^ 

1^ 

20 asisoaa^ Ere&ia^.the 
oEillis ate cdflefct^^ 

0.2% boxine s<»^ (BSA) or any preferably sterile, 

isotope medium. 

Geneti<j modification of the A 

^5 durin 

comiXMsition witil a reCoinbinant DNA construct. Preferably^ a retroviral 
ve<^^ 

tjie resulting cells can then be grown under cbniditions similar to those for 
wnmodified cells, whereby the modified ceils can be expanded and used for a 
30 va^^ 

For geiielic tiibdificati^ of the c^ a retroviral vector wiH 

be employe4 bpwevCT Other suitable viM vector or delivery system can 
be used. Combinationis of retroviruses and ah s^piopriate packaging liiie sure 
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5 C3EU?^ 

■■ ■■• -VSP^Q^ 

Possible. metj^LjCkds of traiisdu<?tipa iac^^ co-^culture of tbe cells 

id viral su^^apaataat ^o^ae or ccmcentrated 

YC!€torj^ jgipropriate gcowfb fiustois and polycatio^s, 

GeaQ tr8ii3fer tedmology, based oarctmvi^^ 
15 caabe used to genetically modify tbeC^ activftedby the AAPC. Sudi 

with liierapeutic relevance, e,g., : 




20 aiid sub^^q^ent diffeiitsnti cells a» induct 

directed agi^^ 
iiiacfivalion of aritigea^ 

Liacliyalipn is pardoularly useMio esta^^ as 
mcfxs^ 

25 DCs can be administered by any metiiodknovm ns^llie^utcdiidl^ 

M4&P^ 




iirtixjduc^ into bone, or oia^ site whe» lb!^<iells jBm 

30 appro pri ate site for regener^^ Usually, 
act least 1x10^ cells will be adrninistejred, prefend>Ly 1 x 10^ eventually 
lec^hii^ 1 X 10^^, or more. The cells c£m^^^^^^ 
calbeter^ or die Hke. If desired, factors catt 
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20 

not liimt# 

other miterie^^ smh as. Crr, M- and 

5 intetchaal^B^ 
teng& 

moieties oth^ertiian itiemEis ioii an ainino acid 

polymer llis^teis be^ 
l b not limited to; di^uMde bond fommtioi^ Upiidatioi^ 

acetylation, pbo^hoiylation, or. any oilier mampixlation: or mpdification^ such 
as conjugation ivilh a labelmg or bioactive odmp^ Unless stated or 
implied o&erwis€^ the tenn a^ 

poJ^ypept^^^ including 
IS the iirii^^ iain^l!^^ aiii^^tail^ 
pG^yJ^eptides, 

pef^fe: regions in The 

20 the &sion pK^l}^^ 

placed iii a n^ i^a^^ can be 

encompasses re<^mbhiant pioteibs (a^id the pbl^^^ the 
proteins or cbmplementsuty thereto) tii^ 
2S pfananti 

protdiis ai^ toown in the miasd ste^^ 

native sequence % a^ substitutions 
while preserving at least one flinctioiialprbperty of the firagmeht relevant to 
30 the context in wlidch it is used. 

A "signal peptide" or "leader sequen^^ a short amino acid 
sequeiipe that directs a newly syotiiiesii^d^p^ tiirQugh a cellular 
membrane, lisudlly the didbplasimc ztitic^ cells, and 
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poIypHj^ t& ci^oir|t^^ 5f tto 1^ 

am%Q acM to complete i^cle^i^^^ Apimo 
prcsseir^ aie prefera^ 

affect M or toetioiid^^ of the p^tide. Gi0Wp|of fi^ 

10 ]!el£de4 acidte^ 
glycine/alanmp^^^ 

acid/glutamic acid; sed^^ lysine^aigji^^ acid 

pKdaiyM 

15 acej^^ 

^ (l^e^ methods are well known in the art The practice of the 

moliec^^ (inclitd^ 
* 20 hiolpgy, biochemi^^ within the sddJl of i^^ 

Cloningr 

"OUgdipcle«)tid^ 1984); **Am3mal Cell Qiture" 

(Freshneyi ei, 198f ); Enzymolog/* (Acad^c Press, Iha); 

25 **Handbook of Bxpofimental immxmology*' (Wei & Bbdcwell, eds,); "(jene 
Transfer Vectors &r Mammalian Cells" (Mller 4t Calo^ eds., 1987); 
*<Xiir^t Protocols in Molecular Biology^ (Aiisiibel et at, eds., 1987); *TCR: 
The Polymerase C3bi^ R^action'^ (Mujlis^ et al, eds^ 1994); "Xiaxteast 
Protocols in Immunology" (Coligan et al^ eds^ 1991). These tedmiques are 

30 i^pticable to the production of the polynticleotides and polypeptides, bbA^ as 
such^ can be considered in malring apd practicing the invention. Partioularly 
usefnl.techniques Ig^^^ inftesections thai fi>Uow. 
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: tinu^ binding 
sate^ji £^ aidfiii^)^ l^ab^ units iind^ control 




Also included in tMs inveEition^ 
lb Msotders as described herein ai^^ Ilie medi^ comprise 

admimsteringmamountofaphann^ 

cdit^si^bn of the inventibnm^ 




^^^^^^^^^f ^^^^'^ '^^^^^ 

effective amonnt can be pmvided in a bohis or by 
liiodifie^ and efii^ctOT b^^^ 

apafi^byi^^ 

nebplasia. An ^Individual,*' ^Tpattenf* of "ra^^ 

a maniinal, more preferably a huiiiaii: !Ma include/but ace not limited 
^^^^ : 2^ icy: inuna^ 

A ^^cmcer sub^^ 

As used hj^i^ **S^abni^^ in an 

attempt to dter the disease course of the indlvidu^ or cell t>eing.treated, and 
30 Ciin be pisrfbnne^ eiiSier fer pixyphyliEdjd^ the oouise of clinical 

pathology. Therapeutic eiSfects 6f treattoeiit incltidb, b^^ are not limited to, 
preventing occunet^^ 

of any direct w ifidhm palhdio^eal c© disease, preveiiti^^ 
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^^^^^^^^^ 

that <>p!ii^^^ riprria^ pbysibIo©r, grc qiu^ This can 

pdjtep^^ such as 

10 pain, fever, nausea, &tigue, mood alterations, andspcb other disesse^relatied 
featiures as detennined by an attendiiig physician 
An*^^ 

desiied 

administered to a patient in one or more dos^ Jatenns of treatment,, an 

15 e|B5Gtiye 

st^liz^ r€?veE^ dk^easH^ 
the pathological consequences of the disease. The eflfectiye amount is 
generally deterinined by the physician on a case^by-case basis and is within 
the^U of one in the art Several factors are i^ically f^ken into accoimt 

20 whcsu detieynig^ iei|^ 
These Motors include ag6» s^ and weigjit of the p 

tit^<$d,:tl^^^ concOTttrati^ 
of the antigen4}inding jte^ent admim$tered 

For adoptive immunothec^y losing antigajHSgpecific T cells^ odl 

25 doses in the range of 10^ are typically infii$ed. Rosenberg (1991); Mdlef 
and Kast (1995); Riddell and (3re«ibetg (1995); Roon^ et at (1998); and 
O'Reilly et al. (1998). Based on a conservaiive e^imation of 8-fold 
expansion obtained with AAPC^ OT AAPC^ after two st^ 
(Table 2), generation of 10^ CDS^ T cells would reqiiire about 1.2 x 10^ 

30 peripheral blood CD8^ T ceOs as starting material, thus requiring 250-500 
ml of blood. If additional cells were ne^^dted or if Ihe^ 
was le^, a ihiip rouM 
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^ bi^aiS^<^ be 

Patients 

: 

il^ckiears oiifhi^oi^ to identify this poptdation). A 

iO pBam^^ to 
Ifties0 paticaal$ to pjieit ^ anti-txuaior refuse, vidthtliiet objective of palliating 
tbdr condition. Ide»ally^ re<biGtion in tumor mass odours as a result, but any 

(!!;lanG^|mi^^ nk^tude^ 

decreased risk or^ ra^ 
15 coiisequences of ttie tumor. 

A second group of siufkbleisubjeiE^i^^^^^^ as Hit 

"adjuvant group." Itese are individualis 

btitl^^ re$p6nsive to "Kie piidr therapy can 

20 Asar^^^^ 
V : ttiai^ 

^ -Adjuvan 

25 fili^^ j^iirqpara^bn^ adjuvant & a cEdin^^ 0r b^ agie^ 

: ©vM in^ siinktiaieom^ or ^iOli^fvdse) with, or 

vireoGO^^ 

i^^^ For review s^ Sing^ 

i^oi^ed DCs; have ailsp been ^iggested for use as adjuvants. Coixqppsitions 
30 : : fdri^^^ Mthe cM 

- ti-eittm refeirs to a cla^ts 6£cM&i^ patients with no 
; ; tuidGu^ but aire a^ 
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ind^yii^^^. We^sv^ tbe.basis of featiires 

before: ojri^ 

5 iu||L'i:i$|^^ 

Motbor gjoi^ have a genetic pre<^^ 

10 age, can wish to receive oneor more of the iai%ea4>mding^£ragnimt5 i 
cfi^Gj^ iux^^i^^ to peifoCTL p?^ surgery* 

15 vaiioiis carcico^^ 

field of oiia)i<^^^^^^^ not hiaii^ to^: astmcytoma^^^^^ 

myxossffeoEtu^ lip^ oUgodeod^rp^oma, qpendyiaaQaa^ 

mcduUpblastoma, pnnutive neural poii^jmaltomoT i^NET)^ 
20 chondrosarconl;^^ 

sni£dl mdlmSf^c^Vli: hms admocaxGinprrift cip^ aiigiosarc^ 
endotheliosarcoma, squamous ceU ciEuxn]K)ma^ bronchoalveolatc^ 

lymphangioeodotheHosarcoma, hepatoma, cholangiocarxmioma, synoviouaaj: 
25 mesofhelioina^Bwmg's tumor, rhabdomyosazcoma^ colon cazcinoma, basal 
celicarcfep 

cflprcino^^ : 
carcinoma, bix^nchogenic carcinoma, xeni^ 
catpm 
3Q: tumor, 

pinealoma, he^^ 
mcadiiigtpixu^^^^^^ 

Waldenstrom's macro^obulinemia, and heavy diain dSsease^ breast tomjprs 
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.^r:..: ... .. w 

such as ductiy^^^^^ adenocaFcinoiiias 
of fhb titeaciiie cervix^ uteriiie and ovarian qpifheliai carcinomas, prostatic 

adiotiocaiisindti^ of the bladder, B and 

T cib]Q[ |^^ diSSise) pla^tiacsHtddia, iacute and chronic 

5 teiaE0ajtti% leiomyosarGOmas. 

: :v 1^ whiclii case the 

:; itt^ihid^^ 

' a histoty of Ijie 

:.cb;^tidn,^^;f^^^^ case &e 
•10 " -1^ 



15 <O^As ware cloned into the Ncol and Bamffl sites of the SFQ 

bacld>one. Wviere et al. (1995) Proc. NatL Acad. Sci. USA 92:6735-^737. 

^ A 

^^^^ 

20 (kSiid 

pOTOioiyeih^ was uised for the Mnigene^ encoding the 

p^tides^^S^^ 

antigens to target tibte endoplasmic reticuliiniv MbnoVrfstiomc vectors were 
coiSsf^^ gift of II>r; Youiig), CD80 

CfepBtraa^ 

29t(3PG pacfc^^ (Ot^ et al. (1996) Phm^ Acad. Sd. 

USA 93:114 Gaei2 as 
30 describ0in Riviiere and Sadetain, in. Gene tibiers^ protocols (ed. Robbins) 
ppV 59^78 (Hmiia^ Totowa, NJ, (1997). 

At^ 313 ceUs(A|CX^ 

atid cultured in modified Eagle medium (DMH^ Mediatecfa, 
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Lpgsm^ Ul^, penic^^ sticptamyein^ l^^^ 100 |ig ml'\ They 
were inf ecte<i the ^ 

■ -5 poi^^^?eli0^;(Sig^ ' 

. . . . . . ^^ 

iO geaeteii^^ 

rc^uire4. If gene to^ was less effids^^ c^^Us were purified 

by usiag magpMie b 



■ Exmxj^^^: ... 

15 Cteneratim^ apd T^SiP^^Mos 



isolated by d^|ty>gi9#^ €^ Ij^^ sepai^^ioii^iediifi^ 

20 (Acciui^ 

. 25 GO). i^^BGbf^^ 

Mumea{K>i^ 
days. <^x&S&done^j3^^ 
on Petri dfi&es cqc^ 
30 Nos^Eu!]^^ 
was added <a half Ot a 

get fillip aiAeno^^ppe of 

fuUymatureD 



28 



PCT/DS01/179«1 



the cdE^ of the ^isd^ Mdiicer^ T .ceU^ were pi^^ as 

: : Jdmm^ Briefb^ the T 

ce^HBimchied Cp^^ Aiter 
5 lysis ofthe sheep red blood cells 
saline(^ 

ceils^ iiiEtti^ T ceiis were 

depk^* This was a<>!$c«^^ mouse IgG niAhs 

directed against GDllb^ C^16> aad JPlA DP, DQ^ DB. (Pharmingen^ San 
10 • DijSgdij CA) 

f etii di^ejs coated with goat antf^n^^ (Caltag, Bwling^e^ CA) as 

describk by Younget ah (19^^^^ 

washfiRS in PBS with 2% 

concentration of 10 mili^^ 

15 Rmr 1 640 O^ediatec^T^ m AEit V 

medium (Life Technologies, Rodcville, MD) without serum. Penicillin.^ 

100 Unjl"^ and streptomycin at 100 |tg were added to all cultto^es. 

. - . .." Ijailiy 

Flow oytomi^ analysis 

20 To aiialyze the phedotype of ti^^ antibodies against 

human p2rmicroglobulin, A2a #in Young), B7. 1 

• p&Lanningen)^ B 

GP4^,H^ Ommuilex^ Marseilles, 

25 To verify the pimty o f the pnNp and to study the phenotype 

of these T cells, we stiaia^ CD14, €©56, 

CD16. CD3, CD4, CDS, CD25, CD69, and HLA DR 0ecton Dicldnson). 

■'■■■■■'t:'-:'^^^^^^-- 

:: : StimulatjatitOfspedfic CTLs 

30 DCs were ptdsed withiti)^ h at room tenqierature 

inKPii^ i^thbut s^shuiL^ 

10 T lyraphoQ^s to I IDC j^^^ 

for 8^10 days/in RPMI wiffi 10%^ F^ were irradiated 
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10^ oell^^ well. T cells were 

pa: weU, and cmll^^ was 
5 added to the To 



d^. ii5^#i^ ; 




as target 



10 



cells. 

HLA A24^ 12 qejHs wife IhedijBfeient 

pep^des (10 1^ 

15 jml^ Weused 5,000 T2 cells per well in 9d 

:^^;:$K-^4EI^3 a^ : 

ceK lilies 
20 NatLA«»^ 



release - ^^pi^ refea3e)/(m^^ 
100; 

25 etal.pS^J^lQ!a^^ 





All the peptide^ 

30 and stored st ^^O^Q^^ study: the 

iiifittepzaina^ 

IDNO:44);:fe0apl 
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45) g209>-2My 

.:.:::■"{::::::::.:. 

•^•••■r -Gong^^ 

[, ; 5 To generate AAPCs restricted to the HLA class I A2.1 molecule 

replic^^tion-mGO^ 
B74-ieAM-l, IJ^i?^ 

2A and 2B). To maXmuze and sustain expression of a^ecffic HLA-peptide 

: purpnpcip^ 

The expression of the peptide, targeted to flie end<^ 

. puromyein. High-level and stable expi^^^ transtnenibrane 
15 . mol^idi^ was obtained (Figu^ 2C). By flow cj^ometiy analysis, the levels 
of expression of A2.1^ B7.1, lCAM-1, and LFA-3 were comparable to those 
. rnea^ured on mature A2.1'** dendritic cells. In Figure 2, (A) MoncK; 
retroviral vectors expressed human p2-raicroglobxilin (hP2m) aiid the 
accessory molecules (aec, moL) eB8d^/(^^ Didstronic 
20 vectors were gCTierated for HL A AZ .l and the peptide coding sequence Q)ep), 
respectiyely linked by an internal ribosomal ebtry ate tp neomycin 
phpspiiotramfeirase (neo?^, iniddle) or piironQrc^ ^uro^, 

bottom). Splice d<Mi<) SA, spli# ia^^ 

packa^^ 
25 wd<SP58<^^ 

mbl^Giile^^ fines cd^^ 3T3 cells 

and dashed lines to untrsmsdu^^ 

coiresponds to ceils transduced with HLA A2.1 without hunian 

p2-inicrogldbulih, and ittie solid line to cetts tramduced M 

,30 Exainple 9 

Ajtificid APC^ stimdate flU-specijSc cytotoxic T cell responses 

Penpheral blood T^l^^ 

were istitnulated either witii primary autologous D^s puis the flu 
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Highly piorifie^^ 

5 A#»ii^^^ T lyn;]4>hocytes.cuItm«d with AAPC^ 

cytalytic activity was 1 6- to 4^foM^^^ 

re5iiec^veiy,:inFigure3A). The 

id target-cells pulsed with m irreievmk pq>ticte always lower tibao 5% 

(Figure 3A). In Figure 3, (A) Cytotoxicity of T ceils ftom HLA A24^ donor 
stimulated with primary autologous dendritic cells (left paneQ or AAPC^F 
(ng^ panel). Standaid ^*Cr release assays were petfiainedusiDg 
TAP-deficient A2. T2 target cells pulsed wife the flu p^tide (filled 

15 symbols) or the iri3elevantMART-l peptide (open symbols). S£paares 
coiDcespond to T ceUs stimulated agaiijst the fhi peptide; csircl^ 
stimulated without the relevant peptide. Y-axis, percentage of specific ^^Cr 
release; X-axis, effector.target(E;T) ratios. (B) Flow cytometry analysis of 
038* T cells before (i5)per panels) and after (tower panels) cc^ 

20 wife HLAA2.1'*^AAPCs encoding the flu pc5)tide. T cells woe stained wife 
a fluoi?escein isothiocyanate (FITQ-labeled antibody against CDS (X-axis) 
and; ftom left to right, phycoerythrm-labeled antibodies against CD25, 
CD69, and DR (Y-axis). Results are from one of six experiments wife one 
representative donor. 

25 Examination of fee cell surfece phenotype of fee CDS* ceHs showed 

a strongly activated profile, as r^ec^ by fee high level of express!^ 
CD25 (low-affinity intCTl«ildn-2 recqptor), CD69 (very early activation 
mfflker), and HLA DR (Figure 3B). Fewer fean 5% of fee purified T cdJis 
ex{^:essed feese maricCTs at fee start of fee coculture (Figure 3B). 

30 Furfeemiore, absolute cdl counts of CDS* T cells on days 8-10 showeda 
higlier cell yield following coculture wife AAFGs fean wifeprimary DCs, 
about 2-fi>ld higha: in six (HflFerent eaqperiments: (P <0.OO1, Figure 4). Such 
an e^qpaiision of CD8* T ce^ 
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.... ■ . ■ : * . ■ 1 . .. 

accessbi^ mo^ lb FigMire 

; osti^^ 

10 ifaliificial APC^ efficiently induce iCTLs^ m for geJfeaatijgeiijS 

To address whether AAPGs c^n^^ 
seif^antigens, HLA A^^ 

JSLA A^ Qrie pfeptiiii^^^^^ 

MART-1 protein and the other from the gplOO protein including an amino 

15. acid substitution to enhance binding to BLA A2:L Kawakami et al. (1994); 
and Parkhurst et al. (1996), ffighly purified T cells harvested from three 
HLA A2.1^ donors were cxiltored with AAPCs expressing the MART-1 
(AAPC^^) or gplOO (AAPC^^ derived peptide, using AAPC^ a^ 
contrdt After the first stimulation, as^^^^ a high re^bnse was 

20 obtaiiieda^ 

detected a^m the 5% 

Aft^ restimulation with the rfe^ective AAPCSj a r^ 

cytoljiSc response was obtained against while the flu 

response further increased OPigure 5). ik Fig^e 5y Gytotoxidty was 
25 measured after the first stimuiatipn (left 

the satoe AAI^iG^;(pg;ht p Fottf ffiX^^^ 

p^rtide 

30 targets. Filled symbols conespond to 

peptide; open symbols to target ceUs pidsed mth an iri^levaut peptid 
pVtART-1 p elXs stimoflated >^ 
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5 g^tmul^tiip^ two ^ItaJOJ^^ 

peptides in teee HIA donors is showniiiKg^ 



performied on^^^^^ in Figures 3 and 5. Y-axfe, percentage of 

10 ^e<:i0^^WM^ ratios. Figioe 8 iUnstrates 

.1 peptide. 

' w' . 



Results obtained &ese three donors in terms of cellular expansion and 
I S ant^en specificity for aUte?ep^^ 

siiBamariz^inTdble2. ]ii Table 2, the results cAtained with ©cpanaon and 
antigen specifidty pf CD8^ T cells after one or two JiJiFC stimulatipn are 
shoxviL Be^ 1 8 million HLA A24* donor T ceils were plated on 

the dilfCT^ Q. GeHs were counted and stained for CDS, 

stinai^^ons. T ceU rninibers correspond to a startipg nunob^ of 1 x 10^ 
CDS^ T ceUs. ^)ecific cytotoxicity measured against 1^^^^^ 
this munj^^ in Frgiuies 5 and <^ lis shown as the 10:1 E:T 

ratio. Baekgrouiid activity measiffed at th^ samp ratio \^aiiist m iireleya^^ 
25 peptide (as in Figures 5 and 6) was sid>tracted; 

Table 2 • 
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1" 


:2"" 




Abssbof 


0,2 


.. 


:.1.5..-.; 


t.9:v...-....' 




2.8 


0,3^ 


3 




Speciiie 


10 


5 


75 


100 


t 


5 


20 


70 


% 


AbsitboC 


1 




^ 3,3.. , 






12. 

:-5' 


0.8 


146 






IS 


5 


100 


100 


5 


so 


10 


80 
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-^F^ 


ADCl 






c}iotozici1y(%) 




















Absnhof 
cells(iiiput=lM) 


0.46 




2 


13.2 


0.93 


3.6 


0.72 


3.1 




Sjpecific 




0.5 


100 


100 


5;: 


45 


45 


80 



AAPC^ C3Q8^*^ 

.mi^Sj^^^^ ^g^^tofeE^ 

^epl^i^^ Hie' 

prif^^^^ ar^ respectivie^ et ad^ (^i^ T cells 

l^!im^7). fhcs^t ceUs were MedJ^ Jtjlse 

?Iyisi^|^^ Thelbw4evel 
cjiioxiql^r agai^ had been 

.20; iir^ 

by AAPC^^ 

relfe^e; ei&ctontarget (^ti") ratio Cytotoxic T lymphocytes 

25 induct by AAPC^ and AAPC^^ efficiency lysed sk-MBL23. The same 
low. level of cytotoxicity was obtained against SK-MEL28 whether the CTLs 
were activated on AAPC^^, AAI>C^, or AAPC^^. Similar results were 
obtmnisd^ of Figote 6. 
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t-pcptide complexes along wilh CD80, CX>54, aii^ 

5 mplecaije, hB^^ p2>mictoglobulm, and one encoded peptide. The toM 
yield of CD8^ T ceHs obtained by stimulatiOT: with AAPCs is higher than that 
^ • acbieved wifli pq>tidet<-pulsed autdogpus demhittc cells, albeit under distiiiGt 
cifltuie cond^^ of tiie 

id aixd^^^ 

iix^MDolant role, AitiSpial A|>C^ ^sepress mpd^er selective 

where peptides are loaded onto nascent HLA otass I cojuplexes. And^on et 
15 aL (1991) J. Exp. Med 174:439-^92; and IxdEmec and Cresswell (1996) Cmr. 
Opin. Imnitmol. 8:59--67. Es^ression of tfte ^ecLfic complex is therefore 
^ injaintained irrespectively of liie tumov^ of these complexes at the cell 

artificial APCs derived flxjmDmsoph^ Sprent et al. (1997) Adv. Exp. 
W M^d^^ fibix*lasts 
cxxmp 

m^ciiiipiilati<^ AnQ&i^ iin{X3^rt^ 

snob as fibroblasts to process aiid presp^ therapeutically 
e^Tectiyein^i^ 
25 r(^xi^^ 

p^tides onto MHC mole^es, as con]|)axed to pro£^c^ 

Cutr. BipL 5:1095-1097; andMeiknan et aL (1998) Trends Cell BipL 8:23 1~ 
3:0 237. Porflieim pdmiaii^yr AiP^ class I alleles 

arid GoncbMtantfy preisen^ 
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expressed i^d the othiedr fi&m 

5 ^ gp lQO ^%e4f specific CIl^ 

response et al^ 099^ tnLL C?uacei: 64;3 

10: : JKi^^ 

■ •* " (1?^^^;^ aer&i^^ that 

htit also presepf -ai in the 

•■15^-:--;p^i4^^ 

••^tuiBSi^ 

niMiitie^ tliat^iy^^ . 

20 ifae ixeeid to gmer^ ieiiiMogous pi&ii^ 

popiilations of aatigeai^specific T cells^i^ each patieait AAPCs can easily be 
generated for different MHC^^p^tide: coinbiiiad^ and could be modiSed 
to s^ulate T heitper c61Is if MEIC ciasis S^^^ are es^ressed. 

Additipn^^ 

25 tifisi ciapaiGjity tb^^^ 

for adpptiye ceil th<^^ RiddellsEnd et al;. 

<1998>; OReiliy et al:(1998); Bmaier <e*at (1^ Sang. 2:S7-90- and 
H&gl6p et a. (199'^ Nat: 1^^ t*angduced mo^^ fibroblasts 

30 provide ail aiterndtiv sui^yafing B lymphoid 

cells (Sbhul^e et al: (1997)), restinx^tadng genietically modified T cells 

Neopliasia 1:123-127)» or activating and e^^anding human piimary T cells as 
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i)apleyi!G^^^^ Artificial 



AICs aire : 
indwce mtigen-specific Tc^ 
5 Exairq)!^!! 




mkiigene can be used as taiigel^ ill an BIJ!^^ 
eaiuici^CTiQus mMg^ can bepul^ied^m^ 

sfunt^^ in &e E[i;jpSiK}t This bimadi^^ m liie aissay to 

a lar;^ imiin^ 



15 ^io^^ 

PBM^i: simae donor. The PBMC were pulsed wifli 10 pgAnl 

pi^d^ii fe wasixed, and used to stimulate file T cells. Imtiailyi 

20 SO^fO^^ Tcell 

[mi 



pOSpot assay. On day 12, a HA-Multisoieai plate (MilHppre) was 



25 v^-bfe^^ 



ClMf" T <^ Bt a Goncortraticai of 5 x ie^/wc4L Tai®rt 

30 idf/welL^ was added 10 jjg^(9«eU, aadPHA 5 ii^tel. 



Ca&S T oeH^^ transduced wife l^s mMgeneH C3>8 T cefls: 

±AJi^C *;fte pigjti^^ CDS T crfto+ AAPC wMioutpK^^; 
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eacit class of A/^ 

atimulated tinllh theiion-qxecffic polycic^ 
Cells were ihcubi^ 

5 usmg biqtm'<^j^ 

imi^s^pea^ 

.. . . " ii^isMsiol^ ■ ..J 

Alldata^aret^e^ 

. . AAPC-flu wells, there were too many spots. There were an estimated 10£>0 

Example 12 • 

HLA: AXlv^^^^ 
vititibytiieM^ 
20 p2^imdroglobiil^ 

expression of t gene results in soluble HI^ A2 ,1; 2) purificati of soluble 

4ilatio^^^^^^ 5) Iractionatip 

oftiieGOir^^ 
25 Tel^^ 

ia^Q^Brcatiott of tetriai^^ 

is shbwn in Pigure lO. Tlie use of the tetram 

iUusti^ed in Examples 13^ 
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Mimmy^M 

AAPCs effideatly stimulate LMPLl cytotpric T cett responses 

The MBV-eacoded lateixtmembxaiiepi^ 1 pMPI) isconsisteotiy 

expressed in EBY^-assodated malignancies^ and the pq>ttde ^itope 

5 YLLEMLWRL d«ived ftom LMPl (LMP14) is presented in the context of 

the HLA class I molecule A2.1. Stating fix)m peripheral t?lood T cells 

harvested from HLA A2.1* donors, it was shown that the AAPCs 

consistently elicit strong stimulation of CTLs witii HLA-restricted specific 

cytotoxic actmty against the IJMDPl J p€3^ 

10 Figure 11 shows ti^e results obtained, JaFigmellA, CTLs from 

HLA A2,l^ donor were stitamlated with HLA A2.1'*' AAPO without peptide 
(AAPC^), esqxressing the flupq)tide (AAPC^, or expressing flie LMPl.l 
peptide (AAPC^). Standard ^^Cr release assays as descdbed herdn w^e 
perfonned using TZ cells as targets. Filled symbols corre^ond to target cells 

15 pulsed with die relevant peptide, opensymbok to target cells pulsed with an 
irrelevant peptide. The Y axis shows the pox^caitage of specific ^Cr rdeiose; 
the X axis sfeows the efifector to target B:T ratios. In Figure 1 IB, CTLs, in ; 
the same experime^it, were detected by ffow cytomeby using the tetramers 
described in Example 1 1 . CTLs were stained with a Tricolor-labeled 

20 antibody agamst CDS (Y axis), and PB^l^ted t^ramers (X axis). 

BxagmteM 
AAPCs, but not autologous BBV-transformed 
B ceUs> stiiBulate LMPlJ-gpeciflc CTLs 

Figure 12 shows the detection of i^ecific CTLs by flow cytometry 

25 usmg flie t^ramoEsdescnbed in Example 1 1 afr^c oocultoe of T cells from 

HLA A2, 1 + donor wifli different AAPCs or autologous ]^V-transfi>nned B 

cells. CTLs from HLA A2>14- dcmor were stimntafed with AAPCs.encoding 

the LMP 1 . 1 pqjtide (AAPC^) or autologous ^V-transformed B cells^ 

AAPC^ and AAPC^ were used as controls. Cytotoxic T cells were 

30 stained with a tricolor4abeledaDtibodyagaimtCD?^ (^^ 

PE-Iabeted tetaamiOT CX-^ 
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LMP14-sj)e<afi^^^ EBV-tra^jEbrmed 
B ceHs: aad- EB V^;aggoc^ lymptM>>xna cfeife m. vitro 

5 EiitV-tcmsfenn peptide 

^■■■Tli^efi£5G^ 

Tlie results M 

10 ESy-ttSittisfdmed B^^^^ so. latlPt^^^^^ thus have 

Exapiple 1<? 

ExpresMm^ 

AAPCs were traiisfected with a vector exi^ressing pp65, a CMV 

protein. Nonnal human T ceUs cultured with these AAPCs (as described in 
Example 1 1) are activated. T CnLs produced are specific for one of tiie 
P5>€5^r^ Ithe resulls are s]^^ These 

20 data demonstrate that the AAPC processed and presented pp65 in a T 

cell-specific manner. 

Example 17 

AdditiQi^ AABCrm%oed Ctl^activation 

Additional: results are s&owh in Figures 1 S-^l? showing: that ^e 

25 AAPCs of the present invention CtLs to Wilm*s tumor, telomerase 

reversetranscriptase(hTERT) and a^^^ 

h^lERT-specific CTLes. 

Figure 15 shows theresults jErom AAPCs constructed using 

A2.1 restricted peptide Db l 26 C^^ Tetramer 

30 staining was after 3 stimulations on AAPCi and ^^Ctrelease was assayed 

after 4 stimulations oh AAPGs; Figures 15A and B show, by WTl (Dbl26) 

tetramer staining, (A) CTLs s^ulated on WTl 05bi26) AAPCs and (B) the 

negative control, CTI^ stunulated on WTl Figure 15C 

shows the results of flie ^- Cr release assay (1^ cell^)w 
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Flgiaire 

A2.1 lestrictedpcptide P865 (RLVDDFLLV, SEQ ID NO: 47). Tetramer 

a£te4i?tijimlationsonAAPC^^ Figures 16A wwi B show, by hTERT (p865) 
5 vtetri!^ stmmg, (A> CTLs stimulated cm bimx (p865) AAPCs and (B) 
&e negalSye Gcmtro stimiilate4 cm ei^ shows 

results of the ^^Cr rel^^ 




10 AAPCis aiBtd^^-Qr- M 

Control CT^ Figq3»17^^ 
tibe resulte of Uxe ^Gr release ass^y (I2 celte)* 

All doaiim ciiedin tEus 

speCfiScjatioii are^^]^ 

15 

of clarity and understanding, (pertain mociMcatiotBs iniry be ^ 

Therefore^ the desertion and examples should not be construed as limiting 
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A mei^od ofscriset^ for T c«U-is|^(^ a)p];)ii£^g the 

a) bibtmp^^m antigen 



:|i2^!imG^ and a human 

•"lii^^ ■ .. . 



b) biit does 



ej^v^^^n^^ of b) uhdia: 



Mnditions suitable for activating 1 1^ 

g) compaiing the activation of the T lymidio<?/tes fioin e) to the 
activation of the T lymphocytes from f); 

ffoih e)is jgreator than 
that 6f fii^ T is 
des^at^ aT cd^isjpedfi^ 
2^ t^^mefl^^ 
specific <^i^^ is express 
..recombinant viros. 

4. ThiBiAAPC ac>QQrdmg to claiin l/wheafein the potential T cell specific 
epitope is produced by reconabinatdiial chemistry. 

5- The AAS^C according to ciaun 1, wherein the potential T cell specific 
epitope is produ6ed by a phage display library. 

6. A nii^hod of identifying, wiihiii a test population of cytotoxic T 
lySiphoc^ srpecifibaUy acfi^^^^ a known T cell 

antig^ apprising the sti^^^ 
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a) obtaimngan-s^^ 
con^prisiiig a eukaiyolic ceU esqiressing^^ 

comprising p2rmicrQgIobidi^ cme exogenous accessoiy molecule,^ 

hii]3san leM^Qcr^ O^^^^^) molsc^jig of a single type and presentiBg^ 

.l!E»St.P 

presi^t tiii|0 ko^ 

d) bblpiung t&e 

AM^CD of b); inidier ^0^^ 

'"^'"r coto^^ niocter 
•GQnditki^ 




12. Tlxe medx^i acc^^ 1, wb<goeiB adiyalion is mes^swedby 
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14. T^o^^ 

selected fiom ike g^vq^ cmsist^ il>2 receptor and IL-15 

receptor. 

15. The method according to claim 13, wherein the T cell surface marker 

16: Tlie met^^ 

select^ 3^ 

17. ilieine!^^ 

measttiing the pt^ of adiSvated CTLis in the test population of CTLs. 

ISw ihe me^ identifying or 

measuring is for diagnoi^^^^ 
19. An artiii^ 

cell ieji)*e^^ ^I'mctoglohxi^D^ 
at least one exogenous accessory molecule, a human leukocyte antigen 
(HLA) molecule of ia single ^pe and at least one protein that is prbc^essed 
intraceUularly to produce an exogenous T cell-spedfic epitope. 
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FIG. 2A 
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FIG. 2B 
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SSQnBNCB I*ISTXN:<3 
<1X0> Memorial Sloan-Kettering Cancer Center 

<120> IVRTXFXCIAIi MSnZOm PWSiBNTtiSiG C&l4^^S;i^ OF USE THHKSQF 

<13a> 830p02**2003,l 

<156> 60/209,157 
<151> 2000-Q2-Q6 



<ie0> 49 

<170> Patentin version 3.0 

<210> 1 

<2X1> 9 

<2X2> PRT 

< 2 13 > Hoimo sap ± ens ■ 

<400:> 1 ■ . 

Tyr thx Ser Asp Tyr Phe lie Ser Tyr 

i -■■ • s 

<2xp;> 2;... • 

<2X1> -9 ■ • 

<2X2> -PRT ■ . 

<2X3.> Homo sapiens ; . 

<400> 2 



Tyr lieu Asp Asp Pro Asp I»eu Lya Ty^ 



<2Xp> 3 
<2li> 9 ' 
<2X2> PRT 

<2i3>. Homo sapiens- 
<400> 3 

IXe Ala Asp Met Gly His L^^u liys Tyr 

1 ■; " .5 j\'.;"..;:';:' ;*z:.^^ 

<2X0> - -4 ' 

<2ii> ■ 

<2X2> 

<2X3.> Homo sapiens 
<400> 4 

Ser Thr Asp His He Pro XXe Ijeu Tyr 

1 5 : 



<2X0> 5 
<2XX> 9 
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2 



<2X2>. VRT 
<213> Homo 



sapiens 



<400> 5 



Aap Ser Asp 
1 



Giy; Ser. Ehe.: E>he. lieu Tyr 

-5 



-<2-10> 6 - 

■<2.il>' 9' 

<212> PRT 

<213> Homo sapieqpis 

<400> 6 

Ala Thr Asp Phe i*ys Ehe Ala Met Tyr 
<2l6> 7 

:<2;ii> .:. .9. - 

<212> PRT 

<213> Homo sapiens 

<4G0> 7 

Tyr TKr Ala Val Val Pro lieii Wl Tyr 

:::<2i6>- • :8' 

<211> ■ -12 • 

«212>.. ISRT ..; 

<2i3> Homo sapiens 

<466> 8 

Tyr Thr Asp Tyr Oly Gly Leu lie Phe Asn Ser Tyr 
1 5 10 

<210> 9 

<211> 9 

<:212> PRT 

<213> Homo sapiens 

<400> 9 

I,eu Leu Asp Val Pro Thr Ala Ala Val 
1 5 

<210> 10 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 10 

Ser Leu Leu Pro Ala lie Val Glu Leu 
1 5 
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<210> 11 

<211> 9 

<212> PRT 

<213> Homo .sapiens 

<400> 11 



Tyr Leu Leu Pro Ala lie Val Q3;u lie 

1 ■ . ■■ s; ' .'■ : 

<210> 12 

<211>- 9 

<212> PRT 

<2I3> £t6iab "sapiens 

<:400>- X2 ■ 

Met: Vial Asp Gly Tkr Leu lieu Leu Leu 



<210> 13 

<211> 9 

<212> PET 

<213> .'. Homo sapiezu^^ 

<400> 13 



Tyr Met Asn Gly ti^r- -M Val 

1 ' ".'b:" 



<210> 14 

<211> 10 

<212> PRT 

<213> Homo sapiexis 

<400> 14 

Met: Leii Leu Ser Vkl Pro Leu I*eu I-eu Gly 
1 5 .10 

<210> 15 

<2il> 10 

<212> PRT 

<213> ^omo S€^i.eil6 

<400> is 

Leu Leu I,eu Asp Vail Pro Tbxr Ala Ala Val 
1 5 10 

<210> 16 

<211> 12 

<212> PRT 

<213> Homo sapiens 
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Leu Leu Leu Asp Val Pro Thr Ala Ala Val Gin Ala 
^ 5 10 



<210>. 
<211> 
<212> 
<213> 



Homo sapiens 



17 
14 



<400> 17 

V^l Leu Phe Arg . Gly Giy Pro Arg Oly: W L^ii 

■ ^ . . . . . 10 . 

<210> is 

.<2ll> 9 . 

<212.> PRT . 

<213> Homo B&p±eitm 

<400> 18 

Ser Val Leu Asn Leu Val lie Val Lys 

1 . 5 

<21G> 19 

<2il> 9 

<2l2> ■ P^RT 

<2I3> Homo saifiens 

<40G> 19 

Lys Val Val Asn Pro Leu Phe Glu Lys 

1 s 

<210> 20 

<211> 9 

<2i2> PRT 

<213> Homo sapiens 

<400> 20 

Arg Thr Gin Asn Val Leu^ 
1 5 

<210> 21 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 21 

Ala Ser Phe Asp Lys Ala Lys Leu Lys 



5 



<210> 22 
<211> 12 
<212> PRT 
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<213> Homo sapiens 



<220> 

<221> V3^rANT 

<:222> (1) . . (12) 

<223> 'X' can be any am±Bi0>aia 



:<4^00> 22 



ll3^ Gly ABp Giy Xcta Xaa 



Glu Ijeu Arg; Lys 
10 



<aXO> 23 

<211> 9 

<212>.7 : PRT 

<213;> Homo sa|>iens 

<4 6a> 23 

Lye Tyr Pro Asn Glii PJie p^^vijeu l*eiu: 
1 • 5 



<210> 24 

<211> 9: 

<:212> !P!RT 

<213> I^smo sapiens 

<4:0iQi> 24 

Tyr Tyr Glu Glu Gin; His jPro^ 
■1 5 



<2iQ> 


ZS 




<211> 


9 




<212> 


PRT 




<213> 


Homo 


sapiens 


<40d> 


25 




Ala Tyr Val 


His Met yal. Thr 


1 




5 


<.2.X!Q> 


26 




<211> 


9 




<2ia> 


PRT 




<2i3> 


Homo 


sapiens 


<220> 






<221> 


VARIANT 


<222> 


(1) . . 


(9) 


<223> 


'X* can be. euiy amino 



<=4O0[> 26 



Val Tyr Xaa Lys His Pro Val Ser Xaa 
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<210> 27 

<2 ii> 9 

<212> PRT 

<213> Homo sapiens 

<400> 27 

Asp Val Phe Arg Asp Pro Ala Leu Lys 

.1 5 

<2i0> 26 
<211> . 

<2%z> 7 TOT : 

<213> Homo sapiens 

<460> 28 

.I*y©. Thr Gly Gly Pro lie Tyr Lys Arg 

■1 5 ■ ■ • . . 

<2i6> 29 

■■<2ii> 

<2i:?> ; ::^Eamo\S'apietxs 
<4b6> 29 

Thr Val Phe Asp Ala Lys Ar^g Leu He Gly Arg 
1 5 IQ 

<210> 30 

<211>..9 

<212> PJIT 

<2l:3> Homo sapiens 

<40G> 30 

Ala Pro Arg Thr val Ala Leu thr Ala 
1 5 

<210> 31 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 31 

Ala Pro Arg Thr Leu Val Leu Leu Leu 
15 



<210> 32 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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<40p> 32 

Ala Pro Arg Pro Pro Pro Lys Pro Met 

i ' 5 • ' * * 

<;21.0> 33 

<211>i 9 

<212> PRT- 

<2i3> SQmo sapiesas 

<400> 33 

Ser Pro "Arg Tyr lie Phe Hhr Met Leu 

"l ' ■ 5. . . 

<210> 34 
<211> 9 

<-2l2>:;_ PRT 

<213> Homo sapxena 

<400> 34 

Arc^ Pro liys Ser Aan lie val Leu lieu 

i "5 ■ 

<21.0> 35 

<2-ll> 9 

<2i2> PRT 

<213> HOYiio saE^iens 

<400> 35 

Leu VclL Met Ala Pro Arg Thr Val Leu 
1 S 

<2X0> 3$ 

<2X1> 10 

<212> PRT 

<213> Homo sapiens 

<400> 36 

Ala Pro Arg Thr Val Ala Leu Thr Ala Leu 

1 5. 10: 

<210> 37 

<211> 11 

<2a2> PRT 

<213> Homo sapiens. 

<400> 37 

Ala Ala Ser Lys Glu Arg Ser Gly Val Ser Leu 
1 is 10 



<2i:0> 38 
<211> 9 
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8 



. <212 > PRT 
<213> Homo sapiens 

<400> 3 8 

Arg Arg lie Xtys Glti He Val Lys Lys 



<21G> 39 

<21I> 9 

<212> PRT 

<213> Homo sapiens 

<400S. 39 

Gly Arg life Asp Lye Pro ilie Leu Lys 
^ \ .5 

<:210> 40 

<2ll> 9 . 

<212> PRT 

<213> Homo sapiens 

<4Q0i> 40 

Aiilg .Arg Se^ Val Arg 

-■ <2ia> 4i . • 

■<212> ' 7 PRT 

<2i3> Homo sapiens 

<460> 41 

Arg Arg Val Lys Glu val Val Lys Lyis 



<2l6> 42 

<211> 9 

<212> -PRT- . ■■ . 

<213> Hoitno sapiens 

<AI0fO> 42 

Arg Arg Tyr Gin Lys Ser Thr Trp Leu 

1 ■ 5- 



<2i6> 43. 

<211> 9 

<212> . PRT 

<2i3> Artificial Sequence 
<220> 

<22l> • PEPTIDE 

<222> (1) . . (9) 

<223> influenza matrix protein- derived peptide. 



1 



5 



1 



5 
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<400> 43 

Gly He Leu aiy Plie Val Phe Thr lieu 



<210> 44 

<211> 9 * 

<212> PRT .... 

<213> Artificial Se^ence 

<220> 

<221> PEPTIDE 

<222> (1) . , (9) 

<223> M2iRT-i protein^derived peptide 



<46b> 44 

Gly He Leu Gly Phe Val Phe Thr Leu 
1 5 

<210> 45 

<2i;i> d. : 

.<2i2> mT • . • ■ 

<213> Artif icial Se^ence 



<22Q> 

<221> PEPTIDE 

<222> (1) . . (9> 

<223> gp-100 modified peptide 



<400> 45 

He Met Asp Gin Val Pro Phe Ser Val 

1 - 5 



<210> 


46 




<2ll> 


9 




<212> 


PRT 




<213> 


Homo 


sapiens 


<400> 


46 




Arg Met Phe 


3?ro Asn 


1 




5 


<210> 


47 




<211> 


9 




<212> 


PRT 




<213> 


Homo 


sapiens 


<40D> 


47 





Arg Leu Val Asp Asp Phe Leu Leu Val 
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10 



<210> 48 

<2ii> 9 

<2X2> PRT 

<213> Homo sapiexxB 

<400> 48 



. lyr iieU^ I^eu: Trp .Aa?g.. Leii. 

1 ■; s;":. 

<210> A9 

<2il> 9 

<212;> PRT 

<213> .Homo eapleas 

<4bo> 49 



Tyr i*eu Gin! Gin" jyiii Tfp! Titp. Thr Leu 
1 5 
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